A recent article in this journal by Roll et al (2008 Nanotechnology 19 045703) presents experimental results of the temperature dependence of dissipation in dynamic force microscopy which they use to elucidate the mechanisms of such a dissipation signal in the PTCDA on KBr system. We argue here that dissipation results are often highly dependent upon the tip structure, and urge caution in the interpretation of single sets of experimental data.
Recently, Roll and co-authors reported measurements of the temperature dependence of dissipation in dynamic force microscopy, or noncontact atomic force microscopy (nc-AFM), on a sample system of molecular crystallites of PTCDA on KBr [1] . They find the anticipated behaviour for the adhesion hysteresis mechanism on the molecular islands, i.e. decreasing dissipation with increasing temperature. However, they find the opposite trend for dissipation on KBr, indicating a possible stochastic friction force mechanism, though this gives a very different order of magnitude for the expected dissipation. While we do not dispute the importance of results such as these in understanding the mechanisms for dissipation in nc-AFM, we urge caution in interpreting dissipation results which we argue are highly dependent on the tip structure.
We have performed similar measurements on the same system, PTCDA on KBr. These measurements were made in the nc-AFM imaging mode using a JEOL JSPM-4500a with a variable temperature stage in combination with a nanoSurf easyPLL+ for frequency detection and constant amplitude control. The dissipation signal is measured by the increase in drive amplitude required to maintain a constant amplitude of oscillation of the cantilever. To enhance the often weak dissipation output, a Stanford Research Systems low-noise preamplifier was used to amplify the dissipation signal before input to the JEOL controller. Measurements were made with Nanosensors PPP-NCLR cantilevers which have typical resonance frequencies of 170 kHz, spring constants of 38 ± 6 N m −1 (for the wafer used) and measured Q-factors of 10 000-15 000 in our system. Measurements were made at room temperature and ∼100 K using the JEOL cryostat and cold finger with liquid nitrogen. Samples were prepared in UHV by depositing PTCDA molecules on a nanotemplated KBr substrate as described elsewhere [2] .
In our measurements of dissipation we have found that contrast is very highly dependent upon the tip, and that results ranging from negative contrast to positive contrast or no contrast at all can be easily obtained by minor tip changes or with different cantilevers. For example, figure 1 shows an nc-AFM image with topography and dissipation simultaneously acquired. A tip change occurs several lines from the top of the scan which has only a minor effect on topography, but shows a sudden increase in dissipation and a negative contrast between the KBr substrate (on the left) and the PTCDA island (on the right). This change is temporary and the image returns to showing no dissipation contrast for most of the rest of the scan.
Similarly, for high resolution imaging, where larger frequency shift is used, we find tip changes to be frequent and to have a significant impact on the contrast appearance in both topography and dissipation. Figure 2 shows five different segments of the same image, each following a different tip change on a molecular island. The appearance of the molecules changes dramatically depending on the tip, and molecular contrast in dissipation appears in only two of the segments. The effects of the state of the tip on atomic scale dissipation are well known [3] , and interpretation of such measurements requires careful consideration of the tip structure [4] .
We have likewise attempted to measure the temperature dependence of dissipation contrast. However, due to variability of the tip we were unable to obtain consistent results. For example, Roll and co-workers report a somewhat small negative contrast over the PTCDA molecules at 300 K and a considerably larger positive contrast over the molecules at 100 K. However, we have observed the opposite trend in contrast using the same tip to measure at both room temperature and ∼100 K (see figure 3) . As the imaging conditions used in our experiments differ significantly from those used by Roll et al, we do not attempt to quantitatively compare values for the dissipation. At room temperature we observe a significant positive contrast; however, after cooling to ∼100 K we do not see any dissipation contrast between the KBr substrate and a PTCDA island within a noise level of 0.006 eV/cycle. We were also able to obtain negative contrast for similar values of the normalized frequency shift at room temperature with a different cantilever, and often observed no contrast at all. Similarly, in some instances clear dissipation contrast (both positive and negative) was obtained at low temperature.
It should be noted that the different imaging conditions used by Roll et al, i.e. larger amplitude and higher fundamental frequency, may result in stronger dissipation contrast due to a closer matching of timescales between the tip motion and dissipative processes in the sample. However, the influence of such imaging parameters on the stability of dissipation contrast, for example against tip changes, is not understood, and should be investigated systematically.
The variability of the results obtained for dissipation on molecular islands due to both differing macroscopic and microscopic tip shapes and compositions points to an extreme difficulty in interpreting dissipation results. Roll et al take care to indicate that the measurements were performed with the same cantilever, which we agree is necessary for comparison within a data set for this reason; however, it cannot be assured that the microscopic nature of the tip remains unchanged. Tip changes which are subtle in topography can have a dramatic influence on dissipation contrast, and indeed, a recent paper shows a tip change which reversibly occurs across a single KBr step with little influence on topography, but showing dramatic changes in dissipation [5] . Moreover, acknowledging that the dissipation contrast is highly tip dependent indicates that to determine overall dissipation mechanisms and for comparison to theoretical calculations these experiments must be reproduced with multiple tips showing the same overall trends.
